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[Abstract ] 



[Object] To provide an active matrix substrate in which the 
generation of the imperfect connection between a drain 
electrode and a pixel electrode of a thin film transistor is 
reduced and also the area which an additional capacitor for 
holding a video signal occupies is small. 
[Structure] Thin film transistors 25a and 25b have: a 
polycrystalline silicon thin film 30 including channel layers 
12a, 12b, and a drain electrode 24; a gate insulating film 13 
which is formed on the thin film 30; and gate electrodes 3a, 3b 
which are formed on the gate insulating film 13. A pixel 
electrode 4 and a drain electrode 24 are electrically connected 
to each other through both of metal of which a metallic layer 
10 is made with which a first contact hole 9a formed through a 
first interlayer insulating film 14 is filled and ITO of which 
the pixel electrode 4 is made with which a second contact hole 
9b formed through a second interlayer insulating film 17 is 
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filled. In addition, the metallic layer 10 is employed as one 
electrode of an additional capacitor 27. 
[Scope of Claim for a Patent] 

[Claim 1] An active matrix substrate comprising: an 
insulating substrate; a thin film transistor which is formed on 
said insulating substrate and which has a drain electrode; at 
least first and second interlayer insulating film with which 
said drain electrode is covered; a first contact hole which is 
formed through said first interlayer insulating film on said 
drain electrode; a metallic layer which is formed on said first 
interlayer insulating film and which is electrically connected 
to said drain electrode through said first contact hole; a 
second contact hole which is formed through said second 
interlayer insulating film on said metallic layer; and a pixel 
electrode which is formed on said second interlayer insulating 
film and which is electrically connected to said metallic layer 
through said second contact hole. 

[Claim 2] An active matrix substrate according to claim 
1, further comprising an additional capacitor electrode facing 
said metallic layer, wherein an additional capacitor is formed 
between said additional capacitor electrode and said metallic 
layer . 

[Detailed Description of them Invention] 
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[0001] 

[Industrial Field of Utilization] The present invention 
relates to an active matrix substrate which has thin film 
transistors (hereinafter, referred to as "TFTs" for short, when 
applicable) as switching elements, and which constitutes a 
display device in combination with the display medium such as 
liquid crystal. 

[0002] 

[Prior Art] In recent years, active matrix display 
devices each of which employs liquid crystal or the like as the 
display medium have been actively studied. Out of them, the 
active matrix type display devices each of which employs liquid 
crystal have been studied as the flat display devices and the 
results thereof have been steadily obtained. 

[0003] Such an active matrix display device includes an 
active matrix substrate in which the pixel electrodes, the TFTs 
and the like are formed, a counter substrate in which the 
counter electrodes are formed, and a liquid crystal layer with 
which the space defined therebetween is filled. In the study 
of the active matrix display devices, it becomes the great task 
to obtain the screen which is free from any of the defects. In 
order to manufacture the display device which has the 
defect -free screen, it is very important that the electrical 




connection between TFTs and the pixel electrodes which are 
formed on the active matrix substrate is reliably carried out. 

[0004] A cross sectional view in the vicinity of a TFT 
of a conventional active matrix substrate is shown in Fig. 3. 
In this display device, a polycrystalline silicon thin film 30 
of which channel layers 12a, 12b, a source electrode 23 and a 
drain electrode 24 are formed is formed on a glass substrate 
11. A gate insulating film 13 is formed on the polycrystalline 
silicon thin film 30. The impurity ions are implanted into the 
portion other than the channel layers 12a and 12b of the 
polycrystalline silicon thin film 30 by utilizing the ion 
implantation method to reduce the resistance of that portion. 

[0005] Gate electrodes 3a and 3b each of which is made 
of n" type or p* type polycrystalline silicon are formed on 
the gate insulating film 13. In this display device, two TFTs 
25a and 25b are formed. 

[0006] A first interlayer insulating film 14 is formed 
on the whole surface of the substrate 11 on which the gate 
electrodes 3a and 3b are formed. A through hole 7a is formed 
through the first interlayer insulating film 14, and a source 
bus wiring 2 is formed over the through hole 7a. The source 
bus wiring 2 is connected to a source electrode 23 of the TFT 
25a through the through hole 7a. A second interlayer 
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insulating film 17 is formed over the whole surface of the 
first interlayer insulating film 14 , and a contact hole 7b is 
formed through the first and second interlayer insulating 
films. The pattern of pixel electrodes each of which is made 
of ITO is formed on the second interlayer insulating film 17. 
The pixel electrode 4 is connected to a drain electrode 24 of 
the TFT 25b through the contact hole 7b. 
[0007] 

[Problems to be Solved by the Invention] In the 
substrate shown in Fig. 3, the thickness of the gate insulating 
film 13 is set to 100 nm, and the total thickness of the first 
and second interlayer insulating films 14 and 16 is set to 
1,300 nm. As a result, the depth of the contact hole 7b which 
is formed in order to connect the drain electrode 24 and the 
pixel electrode 4 to each other becomes 1,400 nm. In this 
connection, the contact hole 7b is filled with only ITO of 
which the pixel electrode 4 is made. On the contrary, since 
the thickness of the ITO film of which the pixel electrode 24 
is to be formed is generally so small as to be 100 nm, even 
when ITO of which the pixel electrode 4 is made is merely 
formed over the contact hole 7b, the pixel electrode 4 may not 
be formed in the state of being electrically, reliably 
connected to the drain electrode 24 in some cases. Such 
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imperfect connection between the pixel electrode 4 and the 
drain electrode 24 becomes the great cause of forming the point 
defects which appear on the display screen. 

[0008] In addition, in particular, in the case of the 
active matrix substrate which is employed in the display device 
for carrying out the display with the high definition, since 
the area of the pixel electrode 4 becomes very small, the 
capacitance of the capacitor value which is formed in the space 
defined between the pixel electrode 4 and the counter electrode 
(not shown) on the counter substrate becomes small and hence 
the capacitor can not hold the video signal for a necessary 
time period. In order to make up the insufficiency in the 
capacitance, in the drain electrode 24, the electrode which is 
made of the same material as that of the drain electrode 24 is 
formed and the additional capacitor is formed between that 
electrode and the additional capacitor common electrode. On 
the contrary, in the case where the additional capacitor is 
provided, there arises the problem that the area of the portion 
which contributes to the display of the pixel electrode 4 
becomes small and hence the aperture ratio of the display 
screen becomes small. 

[0009] In the light of the foregoing, the present 
invention was made in order to solve the above-mentioned 
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problems associated with the prior art, and it is therefore an 
object of the present invention to provide an active matrix 
substrate in which the generation of the imperfect connection 
between a drain electrode and a pixel electrode of a thin film 
transistor is reduced and also the area which an additional 
capacitor for holding a video signal occupies is small. 
[0010] 

[Means for Solving the Problems] In order to attain the 
above-mentioned object, according to one aspect of the present 
invention, there is provided an active matrix substrate 
including: an insulating substrate; a thin film transistor 
which is formed on the insulating substrate and which has a 
drain electrode; at least first and second interlayer 
insulating film with which the drain electrode is covered; a 
first contact hole which is formed through the first interlayer 
insulating film on the drain electrode; a metallic layer which 
is formed on the first interlayer insulating film and which is 
electrically connected to the drain electrode through the first 
contact hole; a second contact hole which is formed through the 
second interlayer insulating film on the metallic layer; and a 
pixel electrode which is formed on the second interlayer 
insulating film and which is electrically connected to the 
metallic layer through the second contact hole. 
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[0011] In addition, according to another aspect of the 
present invention, there is provided an active matrix 
substrate, further including an additional capacitor electrode 
facing the metallic layer, wherein an additional capacitor is 
formed between the additional capacitor electrode and the 
metallic layer. 

[0012] 

[Operation] In the active matrix substrate of the 
present invention, at least two interlayer insulating films are 
formed on the drain electrode. The drain electrode and the 
metallic layer are connected to each other through metal of 
which the metallic layer is made with which the first contact 
hole is filled which is formed through the first interlayer 
insulating film. Also, the metallic layer and the pixel 
electrode are connected to each other through the transparent 
conductive material of which the pixel electrode is made with 
which the second contact hole is filled which is formed through 
the second interlayer insulating film. Therefore, the drain 
electrode and the pixel electrode are electrically connected to 
each other through the metallic layer and hence the generation 
of the imperfect connection between the pixel electrode and the 
drain electrode is reduced. 

[0013] In addition, if the metallic layer is formed in 
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such a way as to have the predetermined size and the additional 
capacitor electrode facing the metallic layer is provided, then 
it is possible to form the additional capacitor between the 
metallic layer and the additional capacitor electrode. In 
addition, the thickness of Si0 2 of which the additional 
capacitor portion is made which is provided in order to make up 
the capacitance can also be thinned. In accordance with this 
structure, the area of the additional capacitor can be made 
small . 

[0014] 

[Embodiment] An embodiment of the present invention 
will hereinafter be described in detail with reference to the 
accompanying drawings. Fig. 2 is a schematic view showing a 
basic configuration of an active matrix display device which 
employs an active matrix substrate of the present invention. 
In this display device , a driving circuit and a TFT array are 
formed on the same substrate. A gate driving circuit 54, a 
source driving circuit 55, and a TFT array portion 53 are 
formed on a substrate 11. A large number of parallel gate bus 
wirings 1 extending from the gate driving circuit 5 4 are 
distributed in the TFT array portion 53. A large number of 
source bus wirings 2 are distributed from the source driving 
circuit 55 in such a way as to intersect perpendicularly the 
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gate bus wirings 1. In addition, additional capacitor wirings 
8 are distributed in such a way as to be parallel to the source 
bus wirings 2 . 

[0015] A TFT 25, a pixel 57 and an additional capacitor 
27 are provided in the area which is surrounded by the source 
bus wiring 2, the gate bus wirings 1, 1 and the additional 
capacitor wiring 8. A gate electrode of the TFT 2 5 is 
connected to the gate bus wiring 1 , and a source electrode 
thereof is connected to the source bus wiring 2 . The space 
defined between the pixel electrode which is connected to the 
drain electrode of the TFT 25 and the counter electrode on the 
counter substrate is filled with liquid crystal, thereby 
forming a pixel 57. Then, the pixel 57 is electrically equal 
to the capacitor and has the function of holding the signal 
which has been written to the pixel 57. In addition, an 
additional capacitor 27 for holding the video signal which has 
been written to the pixel 57 is formed between the drain 
electrode of the TFT 25 and the additional capacitor wiring 8. 
The additional capacitor wiring 8 is electrically connected to 
the electrode which is at the same electric potential as that 
of the counter electrode. 

[0016] A part (a) of Fig. 1 shows a cross sectional 
view in the vicinity of the TFT of the active matrix substrate 
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of the present embodiment. In addition, a part (b) of Fig. 1 
shows a cross sectional view in the vicinity of the additional 
capacitor of the present embodiment. Then, the present 
embodiment will hereinbelow be described in detail by following 
the manufacture process. A polycrystalline silicon thin film 
is formed on the whole surface of a transparent insulating 
substrate 11 made of glass or quartz crystal by utilizing the 
CVD method. Next, a gate insulating film 13 is formed on the 
upper face of the polycrystalline silicon thin film 30 by 
utilizing the CVD method, the sputtering method or the thermal 
oxidation method. The thickness of the gate insulating film 13 
is 100 nm. In addition, the thickness of the polycrystalline 
silicon thin film 30 is in the range of 40 to 80 nm. 

[0017] Next, the pattern of the polycrystalline silicon 
thin film 30 and the gate insulating film 13 is formed to form 
channel layers 12a, 12b, a source electrode 23, a drain 
electrode 24 and a lower electrode 5 for the capacitor. 
Alternatively, the above-mentioned gate insulating film 13 may 
be formed after completion of the patterning formation of the 
channel layers 12a, 12b, the lower electrode 5 for the 
capacitor, and the like. In addition, before the formation of 
the gate insulating film 13, in order to enhance the 
crystallinity of the polycrystalline silicon thin film, the 
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processing such as the laser annealing process, or the 
annealing process in the nitrogen ambient atmosphere may be 
carried out . Next , the impurity ions are implanted into the 
portion of the lower electrode 5 for the capacitor by utilizing 
the ion implantation method to obtain the lower electrodes for 
the capacitor having the low resistance. 

[0018] Next, a polycrystalline silicon layer of which a 
gate bus wiring 1 (refer to Fig. 2), gate electrodes 3a and 3b, 
and an additional capacitor electrode 6 will be made later is 
deposited by utilizing the CVD method in such a way as to have 
the thickness of 4 50 nm and then the polycrystalline silicon 
layer is doped with the predetermined impurity ions . As a 
result, the polycrystalline silicon layer having the low 
resistance is obtained. Thereafter, the pattern of the 
polycrystalline silicon layer having the low resistance is 
formed to form the gate bus wiring 1, the two gate electrodes 
3a and 3b, and the additional capacitor electrode 6. After 
completion of the manufacture of the display device, the 
additional capacitor electrode 6 is connected to the electrode 
which is at the same electric potential as that of the counter 
electrode on the counter substrate. Then, the impurity ions 
are implanted into the portion of the polycrystalline silicon 
thin film 30 other than the portion underlying the gate 
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electrodes 3a and 3b with the gate electrodes 3a and 3b as a 
mask and also with photo resist, which has been formed by the 
photolithography method, as a mask by utilizing the ion 
implantation method. As a result, a source electrode 23 and a 
drain electrode 24 of the TFTs 25a and 25b are formed- In this 
connection, in the present embodiment, the TFT 25 consists of 
the two TFTs 25a and 2 5b. 

[0019] Then, a first interlayer insulating film 14 is 
formed over the whole surface of the substrate in such a way as 
to have the thickness of 700 nm by utilizing the CVD method. 
Next, as shown in a part (a) of Fig. 1, a through hole 7 and a 
first contact hole 9a are formed. Next, both of a source bus 
wiring 2 (refer to Fig. 2) which acts as the signal line and a 
metallic layer 10 are simultaneously formed with low-resistance 
metal such as Al . The thickness of the metallic layer 10 is 
600 nm. The source bus wiring 2 is formed in such a way as to 
pass through the position on the through hole 7. As a result, 
the source bus wiring 2 is connected to the source electrode 23 
through the through hole 7. In addition, the metallic layer 10 
is formed in such a way as to fill in the first contact hole 
9a. Therefore, the metallic layer 10 and the drain electrode 
24 are electrically connected to each other through the first 
contact hole 9a. In addition, in the present embodiment, as 



- 13 - 




shown in a part (b) of Fig. 1, the metallic layer 10 is formed 
in such a way as to face the additional capacitor electrode 6 , 
and an additional capacitor 2 7 is also formed between the 
additional capacitor electrode 6 and the metallic layer 10. 

[0020] Next, a second interlayer insulating film 17 is 
formed over the whole surface of the substrate in such a way as 
to have the thickness of 600 nm by utilizing the CVD method. 
Next, a second contact hole 9b is formed through the second 
interlayer insulating film 17. As shown in a part (a) of Fig. 
1 , the contact hole 9b is formed through the second interlayer 
insulating film 17 in such a way as to reach the metallic layer 
10. In addition, the pattern of the pixel electrodes 4 each of 
which is made of ITO with 100 nm thickness is formed. As shown 
in a part (a) of Fig. 1, since the pixel electrode 4 is also 
formed on the contact hole 9b, the pixel electrode 4 is 
electrically connected to the metallic layer 10 through the 
contact hole 9b. Since the metallic layer 10 is connected to 
the drain electrode 24, the pixel electrode 4 is electrically 
connected to the drain electrode 24 through the metallic layer 
10. 

[0021] In the present embodiment, the first contact 
hole 9a which is formed through the first interlayer insulating 
film 14 is filled with metal of which the metallic layer 10 is 
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made, and in addition thereto, the second contact hole 9b which 
is formed through the second interlayer insulating film 17 is 
filled with ITO of which the pixel electrode 4 is made. 
Therefore, since the pixel electrode 4 and the drain electrode 
24 are electrically connected to each other through ITO and 
metal, the generation of the imperfect connection therebetween 
is reduced. 

[0022] In addition, the additional capacitor 27 
consists of the capacitor including the capacitor lower 
electrode 5 and the additional capacitor electrode 6 , and the 
capacitor including the metallic layer 10 and the additional 
capacitor electrode 6. As a result, as compared with the 
conventional additional capacitor, the necessary capacitance 
value can be obtained with the smaller area and hence the 
aperture ratio of the display screen can be enhanced. 

[0023] 

[ Effects of the Invention ] In an active matrix 
substrate of the present invention, since the generation of the 
imperfect connection between a pixel electrode and a drain 
electrode of a TFT is reduced, the yield of the active matrix 
substrate is enhanced. In addition, the active matrix 
substrate of the present invention has an additional capacitor 
which has a small area, but has a large capacitance value, the 
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aperture ratio of the screen of a display device employing this 
substrate can be enhanced, which can contribute to the 
improvement in the image grade. 

[Brief Description of Drawings] 

[Fig. 1] A part (a) is a cross sectional view in the 
vicinity of a thin film transistor in an active matrix 
substrate of the present invention. 

A part (b) is a cross sectional view in the vicinity of an 
additional capacitor in an active matrix substrate of the 
present invention . 

[Fig. 2] A circuit diagram showing a schematic 
configuration of an active matrix display device employing an 
active matrix substrate of the present invention. 

[Fig. 3] A cross sectional view in the vicinity of a 
thin film transistor in a conventional active matrix substrate. 

[Description of Reference Numerals] 

1: gate bus wiring, 2: source bus wiring, 3a, 3b: gate 
electrode, 5: capacitor lower electrode, 6: additional 
capacitor electrode, 7: through hole, 8: additional capacitor 
wiring, 9a: first contact hole, 9b: second contact hole, 10: 
metallic layer, 11 : insulating substrate , 12a, 12b : channel 
layer, 13: gate insulating film, 14: first interlayer 
insulating film, 17: second interlayer insulating film, 25a, 
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25b: TFT, 30: polycrystalline silicon thin film. 
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In Fig. 2 

1: GATE DRIVING CIRCUIT, 2: SOURCE DRIVING CIRCUIT 
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ABSTRACT 

PURPOSE: To present an active matrix substrate reducing the generation of 
connection defect between the drain electrode of a thin film transistor and 
a picture element elerctrode and further reducing the area of a part 
occupied by additional capacitance for holding video signals. 

CONSTITUTION: Thin film transistors 25a and 25b are equipped with thin 
multi- crystal silicon films 30 equipped with channel layers 12a and 12b 
and drain electrodes 24, gate insulation films 13 on the thin films 30 and 
gate electrodes 3a and 3b on the gate insulation films 13. A picture 
element electrode 4 and the drain electrode 24 are electrically connected 
by metal constituting a metal layer 10 filling a first contact hole 9a 
formed at a first inter-layer insulation film 14 and ITO constituting the 
picture element electrode 4 filling a second contact hole 9b formed at a 
second inter-layer insulation film 17. Further, the metal layer 10 is used 
as one electrode of an additional capacitor 27. 
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a. 12b, 7-X|ffi23, Hl/'f >tS2 4 5^S 
*fflTam«5 S^fiS'.,*:. ±iSOy- hlftlltai 1 30 
B^^ft^JH 12 a, i 2 b. Si^TSSS^S^ 

20 « 1 3 J75»f5tSn:-. »«Av U 3 >SW<a*g«fi*;ii*!> 

[0018] km'xew i o2) . y 

-Mi3aa r i3b, ffiLf(CWUD*««a6 

'J 3>»*-C VDSt:J:-3r 4 5 0 nmOWSi: 

Jtf 3 >^i::j:-3T. y- h/UEI 1 , 2 

^y-htS3arJ3b, ffitfiCttfllSMB 6 £ 

a*i»isi»fi±o#m«aiiiBii:attc?5aac««s*i 

y-hM3a&tf3b*7^;>U ? * 

>lt. y- MS3 aac<3 bfl)T*wM#aay 
u 3 >»JS3 o co»5tc-f ^>aA**^r^^. 

0, TFT 2 5 aR T J2 5 bC0V-X*J$2 3&C<KU 

^7 5 2 OCOT FT 2 5 a 5 b 

[0 0 19] Zc75StS±50±@lC. CVDS[:iot7 
0 0nn«J»STJRiaf5I«JaiBl 4S:jKB6Lfc 3 

©i (a) {c^-r=fc^(z, z;H*-;i7&:^i3> 

f^7-X/afi«2 12) >#««10t$, A I 
*0«tSfilcD^JK*ffl^ri3iWJC»*Lfc. &MM 1 0 
(O|»tt6 0 0 nmt«*. V- XAZEJ! 2 ;i^;u- 

st-ju 7 iL^as^omsfaEsns. v-xa* 

XE»2 liXJU-^-Jt 7 *^LT7-X*ft2 3 (Ctt 
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m 1 0£ 4 >iiSBl Zi>SC7 h*-Jl9 

a*^LT«^«tZ»l*£n*. **38«T:iH 

i (b) :z^T£^> (z. ft/ms*«a6 >»ifiiT^i-5 
[0 0 2 0] r <n&WL±.<n&mz« cvoi£::i 

2 j|ffi$&i*« 17$ 6 0 0 nm<^If 

fc. ;*:z. 5S2»ffl*e»JRi 7 izs? 2 zj ? s*-/!, 
9b*S$fiELfc, 0 1 (a) JZncTi 5 IZ. 3 > 9 ? S 
9 bt±X2Jinn«4Ht l 7 ^t^'iM l 0 _h 
!:iRfi?cnTl^. JEJZ. Hff 1 0 0 n mCO I TO^b 
5t^fefS*l4*/^->ifi1tL^ IB (a) (Z^T 
<£OiZ. 3&£*S 4 !ia 9 h^-Jl 9 b±iZ$>7&Sit 
$n-5C0r. fe*»«4i£Zl>** S*-A-9 b£J>L 

-c*«jb 1 o ?z«»wiz*«$n*. ftiiioitKu 

[0 0 2 1] :£HJS#m*m 1 »CT*e**JB 1 4;CSSf*S 
nti^S I n>^i7 h*-;U9 a^JSn 1 0£W5t 
T*£.«<Z£-?TiI*>£n. XtZS 2 JSIBUgJlMl 1 7 IZ 
Jg**nT^-5*2 Zi h*-Jl<9 bft<£ft*ti4 

[0 0 2 2] «aas»2 7ii, ^*tfTS3m«5 

[0 0 2 3] 




(4) #WI¥4 - 2 9 1 2 4 0 

6 

14. tt*«aiTFT«KK>««tO)*«?Fft^tt 

[ail (a) j**jiw(07*t-*:/-7Mj*x««[z 

(b) !i*«fflcDT-*^Y 7vMJ *xS«£»tf5. 

[S3] ffiA^r i? f ^ 77 k u ^ x » 

l y-HUE« 

3 a. 3 b ff— KSS 

6 ra$l<i 

7 

3 ttftrSSEtt 

9a * 1 n>:*? Krfc-Jl 
9b 3*2 ZJ>*? 

i o &mm 

1 1 

30 1 2 a . 1 2 b ftt^iLi 

13 y-M»« 

14 25 1 SmffcaR 
17 ^2SfVl^i 

25a. 25b TFT 
3 0 ^Sy'J3>ilI 



